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-roun based digital ionosonde observations of the winter polar
cap F;Vregion have been used to demonstrate that the magnetospher-
ically induced ionospheric convection _cn be measured for the
bottomside iono-phere- A-number of. 24-hour measurements madc at
"hule, Greenland 4dicate that the drift dire'no- i-is1-Tedomin-
ately anti-sunward with.E;eds that vary between 300 and 9004 mcte-z/second. Simi--aIMsurements made at Goose Bay, Labrador
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then a change to an eastward drift. The ionospheric-driffts oh-
served at Goose Bay-are consistent with the expected sunward
return flows of the twoacell polar plasma convection pattern.

The utility of data from a network of digital ionosondes is en-
hanced through automatic scaling of parameters needed for rescarch
and radio wave propagation management. The values of hmF2 deduced'
by real-height analysis of automatically scaled Digisonde iono-
grams have been compared with simple methods based on routinely
scaled ionospheric characteristics. Systematic discrepancies were
found between the hmF2 values obtained from the simple methods and'
the real-height analysis. Overestimates of 15-20 km were found
for the night data from five stations and low solar activity.
Daytime discrepancies are normally less, with 80% showing agreement
within 00 km. Analyses, similar to those presented here, are
useful/for defining.the limits of the simple methods and for
gainin confid nce in the automatically obtained data from the
expanding, wor d-wide network of digital ionosondes.
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FOREWORD

Within several years, a world-wide network of

approximately 40 digital ionosondes will be operating to
further understanding of solar-terrestrial and radio physics.
The digital ionosondes possess capabilities to provide data

bases that heretofore were limited to instruments requiring a

significant capital investment (e.g. incoherent scatter radar)
or were labor intensive to obtain (e.g. real-height analyses).

With the maturation of the Digisonde hardware, there

has been associated analytical work to develop automatic,
computer-based algorithms that will provide reliable data
bases of the aforementioned types.

The University of Lowell Center for Atmospheric

Research, with cooperation and support from the Air Force
Geophysics Laboratory, recently contributed two journal papers
that document the approaches and some results of the
associated analytical work. The first paper summarizes the
technique and initial results of using the Digisonde to obtain
ionospheric drifts. Results are presented from experiments
conducted at Thule, Greenland and at Goose Bay, Labrador.

These results demonstrate that a systematic study of
ionospheric drifts is now feasible with a network of ground-

based digital ionosondes. The second paper compares F layer

peak heights obtained from true height anal ysps of

automatically scaled ionospheric parameters to those derived
from the routinely scaled ionospheric characteristics.
Continued assessment of the computer-based analytical methods
identify limits and provide confidence in the data bases that

result from the expanding, world-wide network of digital

ionosondes.
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This scientific report includes the recent journal

articles mentioned above:

Reinisch, B. W., 3. Buchau and E. 3. Weber, "Digital
lonosonde Observations of the Polar Cap F REgion
Convection," Physica Scripta, Vol. 36, pp. 372-377,
1987.

McNamara, L. F., B. W. Reinisch and J, S. Tang,
"Values of hmF2 Deduced from Automatically Scaled
Zonograms," Adv. Space Res., Vol. 7, No. 6, pp.
(6)53-(6)56, 1967.
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Phyicm Stila, Vol. 36, .172477. 19117,

Digital lonosonde Observations of the Polar Cap F Region
Convection'
liodc' W, Keinikch
t nlirrsiis (of L41%11 C'enir (fr Alin~plirw ii Mnurch, 450i Aikeni Sirvii, LIll, MA (1054, UISA

iind

Jurpg.rn Huchatu and IEl6sard J, Wchcr

*Aif I m'hr (visitii% Latowalw . llwnwo'i'i AltII NI A 01111, U SA

Absruet uraof sevural hundred kilometers diameter in thec F region;
Ontndli~wi dn oiketmomi o fle imer olf up -rolo thw NIan array of antennas receives the signals reflected from the

1,r migrtihr4v riul) vihdeadioioiip he inr coivir lin Pegn ,hO throuiii to iosoqhorv For thie measurements described in thi4 paper we
ther hioliomoidif iivnvvoherc A dipitl ivirijtondu with four opavild ifiygtii sd D igsondeto (6, 7J, i~ce. advanced digital Ionoscondc-, that
omitrlimik ivproud jt Thulo, Groomriad 150 C'OLi in IhN Juppler~dnfii operated ulternatively In the lonogram and the drift modes,
rmsedi A munftr or 24.hou r miroufrmeni6 inldieate ihai the drili dirrcinn Actually, the lonopram§ were %paced by five minutes and the
chanmp linearl t~ ui function of lime in ag~irdii"9 wirhthe1 prefdIctd time In between was Ailled with a number of lb see drift
iinti~um-Am v'on~ectvvo palier The dnfi veloiaii. var from 3(KI1 U(ioWm i, cormnsThidvdulatnsoterciigary

MYeaturements a suhourorml station IC'ote by), Lahrodiw, 015 CC1LI esrmns h niiulanenso h eevn r
,Anh ihc ~e tarriccdatna.ope~f icebhilque oho% V sitiody wei a re muitiplexed at the pulse repetition rute (2(00 Hz). The time
4Aird dirill until louil magoiri midnight and ait a oigh.over a, ilia, timig serie received at each or the antennas is Fourier trinsfornied
ipiinsmAot~rdidrift We conclude that the ohbsened ouhaurorat driflitaor#the in real time resulting in four complex spectrat (On the case or
oumoord freiurn Mlotto (if Ilvlay NWpla1ma comt~etion, mrnd tIe oitch~over, four receiving antennsi) at the end of echl muasouremunt
tivcu, %him IhN station roitiie from the dueik cell into the down ceil period, The spectral resolution wall 0, 123 Hz,

Croso-correlation foi of the complex %pectra fromt the
1, Introduction spaced anitennasi determines5 the jingle or arrhil for each

Satelit obervtios hae etabishd te exstece r atwospectral component containing significant signal energy, As a
Saoli oervnattnin he parse th rein f e two result or this analysi, one can construct a sky map showifig
Inelanetion patntenin tel r F reio drf henthwadcm the location of each reflection point, or source f9J. specified by
inpanetar magTisnecti n p J attr aproduthwad #ni. a given Doppler frequency, which defines the radiitl velocity
ponend dift at thhis hs o nvetion i paend prsucwan dritt component of the moving plasma for this source, The Doppler

lower latltutdo; in the auroral zones, The plasma flow pattern frqecd sgvnb
lit less4 predictable and more Irregular when the IMF ha§ a
northward component (.3. 4J, Wygant et a/, (3) have shown d, v - k ', S - 1. 2.... (source Index)
that the response time of the convection to changes in the
INF is two hour% or more.

The Universiy of Lowell and the Air Force Geophysics where v Is the drift velocity and k the wave vector, An
Laboratory have developed ground-based observation example of such a §ky map Is shown In Fig, I, The majority
techniques that can monitor the plasma convection as aj of the sources are located In the south-coot with a zenith
function of time. We have begun to measure the F-rcgion angle of about 20'. The Doppler frequencies vary from
drift at three highilatitude stations; l) Thule. Greenland, 86- #1,06 Hz (labeled 1) to - 081 Hz (labeled 7), By assuming
COL, (2; Goose flay. Labrador, 63' CGL, and (3) Argentiai. thut the observed Doppler shifts are the result of a unifo.rm
Newfoundland, 58' COL, In this paper we give a brief bulk motion of the reflecting plasma, one can determine the
description of the high.frequency (H F) radio technique used three-dimensional velocity vector v which, In the least-

* to measure the Ionospheric drift and present some of the squareq-error sense, best represents the Doppler frecuencic.4
results of the Thule and Goose flay observations, d, menisured at the source locations ,,.lidby k,,

It i§ iniportant to realize that the 14 sources shown in the
sky marn of Fig, I existed simultaneously within a 16§ timu

2, Spaeed-mntennu drippier drift technique windott, Thr existence of the many sources was first estuib-
Spaced-inicrna Ki observations of Ionospheric drifts is an liHd by the spectral analysis, and then their location was
effectii c method to study the dynamics of the ioni7.ed atmos. found by crosg-correlatin; the aintenn&L signals In the spectral
pherc, Vertically trinsnmitted HF waves Illuminate a large domuin, The dimensions of the receiving antenna array arc

shown in Fig. 2 together with the array patkrn for a 10 MII,
Thit papeor va* c'tpirthilte in the, ,%C'OSTrP Sesth Qusdrnnial Iter signail, It is evident that the angular resolution of the arruty

naiiin~ 5i~r.Trreiral 'hvie 5~po~um. 'oulus, ~~ ~t~would have been much too low to resolve the diff'erent source,.
heiniw~dinarillothe~ynfreneprwffInplAorl 0 Ilutivsi1i 40ho1-) In Fig, I, if it had not been for tOw preselection by thle

M et. ontI I) ivot 7Ahm) Fourier anallysii
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.1, Wifrl obhmar'utn of (nOtw III)m~elevewt reac.he. villuc of Mfltr . orsiileyiv he

In son Itori 1 %uI ' ktd thep diurnaul arlionfIliv V reviong drift (ml shown in thir flurei.J The virrticul velocity cimivnirnhits

%C cilkuIated flt uisoe drift Iovit fmn vvar 13in tire indicisted in hei %prod pontch by + (upwmrdI i -- (down-

intmald The direction limiruthl and the 'tutir'itutit or the wid) migns, it) general they) remain below 50 m *
horimntut drili component are plotiti d function of tine Ii rhe example% %hclwn here were Isaeleed to dirmommilue flit

VI go 1 and 4 I'm two % Inter diivs III Cooome liag I i hoili vii~h midnight velocity rcvcrsml There are many otlier disys obvir

thedrit 0~eo~rdhdoe ls~u minigt iutd~hinge wihin thC recer%;il occuroO hut it n~ot uitclesirly defined, In viioet oirre
the util in, houimr d t o re dovil ni ht ni cid c d wit.hin the veloctiflc are very omuuil our method produced unrelimhic

hchiil io % melck %,hil i% c~pected Ii the pircoicnce (Jr thereut.W tnedtohdn n.uhjuitn I fliiH

Ikel-i1 poi ir ixl' cion patItern 'oii i Iiu 6Po C0.I the I )oppler remil ut to by inicreusi~ng the ohiierv it on pmo i d

un11der the %um~4,id return N~O% (maugnetic Avol I or the (1114k. uto hw riml o 2~O noe O ~dfi
cell hehirc lociui midnight. Al midnight. (iome flit) rotuitc lieparuut the iflerant reflection pointil.
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.ooundvr mmk ocooc' the tunwuird flow iiiunctc cust) n( the AsTr on 21 Junucir) 1992 (Fig, I) r fr ibout three hours thle
%4i 11 cell drift direction ilt weottwurd instuid (Jr rustward a% cexpectvd In
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VALUES OF h.. 1 -2 DEDUCED FROM
AUTOMATICALLY SCALED IONOGRAMS

Leo F. McNamara.' Bodo W. Reinisch and Jane S. Tang

Ul ive(.'ity of Lo well, MCntr br .ttoup/ric Reearch, 450 Aiken Street, Loiwell,
AI.. (1854. U.S.A.
*\ov" i'itl Andrew A ntenlias, Innovation tHouse, Technology Park 5095,
Autralia

ABSTRACT

The values of hmF2 deduced by real-height analysis of automatically scaled vertical inci-
dence Digisonde ionograms have been compared with those obtained using simple methods based
on routinely scaled ionospheric characteristics. Comparisons have been made for ionograms
recorded at five stations during low solar activity. The real-height analyses used
litheridge's program POLAN, while the simple methods used were those of Dudeney and Bilitza.
Systematic discrepancies between the simple-model and POLAN values of hIF2 were found, with
15-20 km overestimates of hmF2 by the simple methods during the night. The majority of
discrepancies lie between ±20 km. During the day, 80% of discrepancies lie between t1O km.
Significantly larger discrepancies can usually be attributed to special ionospheric condi-
tions or ionograms, failure of the automatic scaling technique, or failure of one of the
basic assumptions of the simple models.

SIMPLE MODELS OF THE IONOSPHERE

Simple models of the ionosphere have been used for many years in applications in which the
errors in the resulting calculations are accepted because of the enormous decrease in com-
putation times which such models permit. One of the most important practical applications
is in the calculation of sky-wave field strengths and transmission losses at HF. See, for
example, the Supplement to Report 252 /1/. For these calculations, the propagation modes
involving reflection from the E and F layers are determined using an ionospheric model with
parameters which depend on the routinely scaled values of foE, foF2, M(3000)F2 and h'F,F2.

The model currently reco mended by CCIR consists of:

a parabolic E layer below its height of maximum electron density, hmE, with
semi-thickness ymE. hmE and ymE are set to 110 km and 20 km, respectively.

a parabolic F2 layer with height of maximm density hmF2, and semi-thickness
vmF2.

a linear increase of electron density between hmE and the point on the para-
bolic F2 layer where the plasma frequency is 1.7 foE.

The model value of hmF2 is given by the empirical equations /1, 2/:

hmF2 - 1490/[M(3000)F2 + dM] - 176

dM, - 0.18/(X - 1.4) + 0.096 (R12 - 25)/150

and X - foF2/foE, or 1.7,

whichever is the larger. R12 is the 12-month smoothed sunspot number.

The term dM is an cmpirical correction term which takes into account the effects of under-
lying ionization not allowed for in the original Shimazaki /3/ formulatior. Model estimates
of 1rF2 are usually correct to within 20 to 30 km /I/. Dudeney /4/ has described an im-
prov-4 model which uses a cosine F2 layer shape and a more realistic E-F transition region,
and has deduced that this model yields more accurate values of hmF2 than the Bradley-Dudeney
model. Dudeney gives a revised formula for hmF2:

hmr2 - 1490 F/(M + dM) - 176

where dM 0 0.253/(X - 1.215) - 0.012

1)53
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and - (0.0196 M2 + )/(1.2967 M2 
- i)05

The value of X is contrained to exceed 1.215.

In general, we have concentrated on the Dudeney /4/ model, but we have also studied the
relative validity of the Bilitza et al. /5/ and Bradley and Dudeney /2/ models. We have
analyzed about 1000 Digisonde 256 ionograms from five North American stations: Lowell,
Masaachunetts; Argentia, Newfoundland; Goose Bay, Labrador; Richfield, Utah; and Erie,
Colorado. The ionograms were chosen on the basis of their ready availability, and do not
necessarily represent a statistically perfect sample.

The required values of foE, foF2 and M(3000)F2 were provided by the autoscaling software
ARTIST which is part of the Digisonde /6, 7/. The virtual height traces scaled from the
ionograms using ARTIST were passed to the true-height analyuis program POLAN /8/, to pro-
vide reliable estimates of hmF2.

DISCREPANCIES BETWEEN POLAN AND SIMPLE MODEL VALUES OF hmF2

We have analyzed the differences between the POLAN and Dudeney values of hmF2 according to
the value of X (- foF2/foE) and to the value of the correction term dM. The differences
have been distributed among bins 5 km wide, with extreme negative/positive values being
placed in the <-30/>30 km bin. Negative discrepancies indicate that the POLAN value was
less than the Dudeney value.

Tables I and 2 show the distributions of the discrepancies for dM values of 0.0 to 0.1, and
0.1) to 0,5, respectively. Broadly speaking, the low values of dM (Table 1) correspond to
nighttimL ionograms, and the high values to daytime ionograms. It can be seen that the
Dudeney result is systematically higher than the POLAN result at night, by about 15 ± 15
km. During the day, there is no significant systematic discrepancy between the two sets of
results, and 812 of the discrepancies lie within t10 km. [Note that the extreme values are
ignored when calculating the percentages.] There were 69 Argentia and Erie ionograms for
which dM exceeded 0.5. When the discrepancies greater than 30 km are ignored, the average
discrepancy for the remaining 48 cases was 15 - 20 km, the Dudeney values being the larger.

AhmF2
(km) LO'; ARC GB UTAH ERIE TOTAL

< -30 2 29 3 1 0 35

-30 -25 3 18 7 5 0 33 II

-25 -20 4 24 4 13 0 45 15

-20 -15 11 31 9 19 2 72 23

-15 -10 9 18 1 16 2 46 15

-10 - 5 8 12 2 20 4 46 15

-5 0 5 4 2 9 1 21 7

0 5 7 2 0 4 0 13 4

5 10 2 2 1 2 0 7 2

10 15 2 1 0 8 0 '1 4

15 20 4 0 0 3 0 7 2

20 25 2 1 0 1 0 4 1

25 30 0 2 0 1 0 4 1

> 30 4 6 3 F 0 21

N 63 150 12 Il1 9 365 309

Table 1. Distribution of differences between the POLAN and
Dudeney values of hmF2, for 0.0 s dM < 0.10
(Night). A posicive value of AhmF2 indicates that
the POLAN value was greLter than the Dudeney value.
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ahaN
(ka) LOW ARC C5 UTAH ERIE TOTAL I

< .30 0 1 0 0 5 6

•30 .25 0 0 0 0 1 1 0

•25 -20 0 0 0 0 1 1 0

20 .15 0 1 1 0 0 2 0

-15 -10 2 3 2 9 5 21 4

-0 - 5 3 11 4 50 10 78 16

5 S 0 6 29 8 61 22 126 27

0 5 6 49 4 24 25 108 23

5 10 4 34 9 7 19 73 15

.0 15 3 1 4 2 14 34 7

15 20 2 8 1 3 0 14 3

20 25 3 2 2 1 1 9 2

25 30 0 5 0 2 0 7 1

> 30 6 3 5 6 1 21

N 25 157 40 165 104 501 474

,able 2. Distribution of differences between the POLAN and
Dudeney values of hmF2, for 0.11 s dH :s 0.50
(Day) .

Figure I shows the distributions of the discrepancies for four ranges of X. The discrepan-
cies change from being systematically positive for low X values, to being systematically
negative for large X values.

0 - DUDENEY
BSE

20-,

301 X>6
20-

10-

201

%o.-, 2<X<4

,0o O<X<2

-20 -10 0 10 20 30

/AhmF2

%igure I. Dist-ibt:ion of the d-:creoancies in km between the
POLA;: and model val-er of the height of the F:-laver
peak, hnr;. 7he o-"'ites are percentages, and
values lying outside :.e 3C is limits have been
ignored. The para.te. X is defined by X 2 fcr2/for.
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The systematically high values of hmF2 given by the simple formulas at night can be traced
to the models' neglect of underlying ionization. Thr effect of this underlying ionization
was originally considered to be insignificant a decade or so ago, which it Indeed was in
comparison with the effect of the E and F1 layers during the day. However, the daytime
models have been improved to the point where the nighttime errors are now the largest
obtained.

REFERENCES

1. CCIR, "Second CCIR computer-based interim method for estimating sky-wave field strength
and transmission loss at frequencies between 2 and 30 4Hz," Supplement to Report 252,
Internstional Radio Consultative Committee, International Telecommunication Union,
Geneva, Switzerland (1980).

2. P. A. Bradley and J. R. Dudeney, "A simple model of the vertical distribution of elec-
tron concentration in the ionosphere," J. Atmos. Terr. Phys., 35, pp. 2131-2146 (1973).

3. T. Shimazaki, "World-wide daily variations in the height of the maximum electron density
in the ionospheric F2 layer," J. Radio Res. Labs., Japan, 2(7), pp. 86-97 (1955).

4. J. R. Dudeney, "The accuracy of simple methods for determining the height of the maxi-
mum electron concentration of the F2 layer from scaled ionospheric characteristics,"
J. Atmos. Terr. Phys., 45, pp. 629-640 (1983).

5. D. Bilitza, N. M. Sheik and R. Eyfrig, "A global model for the height of the F2 peak
using M3000 values from the CCIR numerical maps," Telecomrn. J., 46, pp. 549-553 (1979).

6. B. W. Reinisch and Huang Xueqin, "Automatic calculation of electron density profiles
from digital ionograms. 3. Processing of bottomside ionograms," Radio Science, 18(3),
pp. 477-492 (1983).

7. B. W. Reinisch, R. R. Gamache end J. S. Tang, "Automatic electron density profiles from
digital ionograms," ACARD, Conference Proceedings No. 345, "Propagation factors affect-
ing remote sensing by radio waves" (1984).

8. J. E. Titheridge, "Ionograrn analysis with the generalized program POLAN," World Data
Center A for Solar-Terrestrial Physics Report UAC-93, Boulder, CO (1985).

ACKNOWLEDGEMENT

This work was in part supported by the AFGL contract AF19628-83-C-0092.

12


